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1 
This invention relates to starting apparatus 
for infernal combustion engines, particularly fo 
starting apparatus of the type in which the 
starter pinion is moved into engagement with the 
engine gear by an electromagnet, the energiza- 
tion of which is accomplished by the closing of 
certain manual and automatic switches in a con- 
trol circuit therefor. 
In starting, apparatus of this type switches 
operated by fluid pressure created by the engine, l0 
either manifold vacuum or engine off pressure, 
have been pïovided to prevent closing of the con- 
trol circuit and consequent operation of the start- 
ing motor during operation of the engine under 
ifs own power. Difficulty bas been encountered 
when such a fluid pressure operated switch 
employed to provide a switch which will remain 
open during self-operation of the engine under 
all operatin conditions, but will hot open during 
"cïanking" of the enine by the starting motor. 
This diflïculty arises because the fluid pressure, 
whether if be manifold vacuum or enine off 
pressure, is so low when the engine is operating 
with wide open throttle under heavy load that 
such fluid pressure is notgreater than would be 
produced under some conditions when the engine 
is bein rotated by the starting motor. Because 
of this condition, if the fluid pressure operated 
switch is so constructed that it will pïevent the 
closing of the starteï circuit when the engine is 30 
self-operative under all operating conditions the 
staïter circuit will be opened under some circum- 
stances when the enine is bein operated by the 
startin motor, which is obviously undesirable. 
It is, theïefore, the primary object of the pres- 35 
ent invention to provide a starting apparatus of 
the type referred fo which is so constructed that 
closing of the starter circuit is impossible during 
self-operati0n of the engine under any operating 
conditions and opening of the starter circuit dur- 40 
ing rotation of the engine by the starting motor 
is also impossible. 
According to the present invention the object 
is attained by the provision of a control circuit 
for controlling the operation of the main starter 45 
switch which includes a fluid pressure switch that 
is closed when the engine 
opened by fluid pressure both when the engine is 
operated by the starting motor and is self opera- 
tire, and includes also a bypass circuit around 
the fluid pressure switch which is open when the 
engine is inoperative or is operating under ifs 
own power, but is closed when the starter switch 
is closed and the engine is being operated by the 
starting motor, so that t.h.e o._pepinç 
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pressure operated switch while the engine is 
being rotated by the starting motor, will hot open 
the starter circuit and cause the starting motor 
fo become inoperative. 
Frther objects and advantages of the present 
invention will be apparent from the following 
description, reference being had fo the accom- 
panying drawing wherein a preferred embodi- 
ment of the present invention is clearly shown. 
In the drawing: 
The drawing is a diagrammatic view of a con- 
trol mechanism for engine starters constructed 
in accordance with the present invention. 
Peferring fo the drawing, the reference 
numeral 2 indicates the starting motor which 
has a ground connection 2 and an armature 
shaft 24 on which is splined a slidable sleeve 2, 
which is secured to one member of an overrun- 
ning clutch 28, the other member of which is 
integral with a driving pinion , adapted to be 
moved into engagement with the flywheel gear 32 
of the engine, in order to rotate said gear and 
start the engine whenever the starting motor is 
operative. The sleeve  is moved fo the left, as 
the device is shown in the drawing, to effect 
engagement of the pinion 3 with the gear 32 and 
the circuit between the starting motor and the 
buttery is concurrently closed to cause the start- 
ing motor fo become operative. 
To this end the sleeve 2 is provided with a 
grooved collar 34, which is slidable on the sleeve 
2 and said collar is engaged by pins 3@ which 
project from a yoke formed at the lower end of 
a lever 38, suitably pivoted af 4 and connected 
ai its upper end with the armature 42 of an elec- 
tromagnet indicated generully by the refeïence 
numeral 44 and which wfll be more specifically 
described later. The lever is connected fo arma- 
ture 42 by a pin and slot connection, the purpose 
of which will be described hereinafter, and which 
comprises the slot 45 in the upper end of the lever 
and the pin 8 on a link 5{] connected to the 
armature and which Projects into said slot. 
When the electromagnet is energized the 
armature moves fo the right, the levez" moves 
collar 34 fo the left, the collar pushing against a 
spring  which surrounds the sleeve 8 between 
the collur and the overrunning clutch previous]y 
referïed fo. The collar is positioned between one 
end of the spring and a plate 5 secured fo the 
right end of sleeve 28. This movement of the 
lever pushes the whole sleeve and clutch assem- 
bly to the left and if the teeth of the pinion do 
hot abut those of the fiywheel, the pinion will be 
moved immediately into engagement with the fly- 
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wheel gear. If there is tooth abutment between 
the pinion and flywheel gear, the spring 52 will 
be compressed as the lower end of lever 38 moves 
fo the leît untiI the starting motor switch is 
closed by movement of the armature 42, as more 5 
specifically described later. As the switch is 
closed, the first movement of the motor will more 
the pinion so that ifs teeth properly mesh with 
those of the gear 32, the spring 52 will expand 
and force the pinion into proper meshing engage- 
ment with said gear. This driving mechanism is 
the saine as ordinarily used in manually operated 
starters of this type, the only change being the 
substitution of the magnetically operated lever 
for the usual manually operated foot pedal. A 15 
spring 54 returns the lever 38 and associated 
parts fo normal position when the magnet is de- 
energized. 
The starting motor 20 is connected by the wire 
58 with a fixed contact 58 of a starting motor 2O 
switch, while a second fixed contact 6} is con- 
nected by a wire 62 with a battery indicted af 
{}4 grounded at 68. A movable contact 7 is 
moved into engagement with the two fixed con- 
tacts fo complete the starting motor circuit when 25 
the magnet 4 is energized; such movable contact 
being supported by a rod 2 which slides in a cen- 
tral aperture in the magnet cote 7, and the left 
end of the rod extends beyond the cote fo the left 
so as fo be engaged by the armature 42 as it 30 
moves fo the right upon energization of the mag- 
net. The..armature pushes the rod fo the right 
and moves-contact 7 into engagement with con- 
tacts 58 and 60. 
The movable contact 70 is mounted on a block 
of insulating material 76 which is mounted on 
the rod 72 between two flanges 78 and 60, which 
extend rom the rod and a spring 2 surrounds 
the rod between the flange 60 and the insulating 
material 7{}, such spring tending fo hold the 
block of insulating material against the fiange 
78 as shown in the drawing. The rod 72 is nor- 
mally held in the position shown in the drawing 
with the shoulder 86 bearing agaiust the arma- 
ture cote by the action of a spring 
bears aganst the fiange 7 and af the other 
end against a stationary part which is part o 
a bracket secured fo the magnet housing and has 
a proection G fitting telescopically within a 
recess or central bore 68 in the rod 
the magnet is energized, the movement of the 
armature moves the rod 72 as previously de- 
scribed, and through the action' oï the spring 82, 
yieldingly presses the contact 76 into engagement 
with the flxed contacts. Upon deenergization 
of the magnet, the spring 34 restores the mov- 
able contact to the position shown in the draw- 
ing. 
When the starter switch bas been closed in 6o 
the manner indicated fo complete the starting 
motor circuit, such motor rotates and the mesh- 
ing of pinion 30 and gear 32 having been 
complished in the manner described, the motor 
turns the gear 32 and starts the engine. When 5 
the latter is started and is running under ifs 
own power, the magnet wfll be de-energized and 
the spring 5, returns the parts fo the position 
shown in the drawing, opening the starter switch 
and disengaging the pinion  from the gear 32. ïo 
The magnet  is previded with twe windings 
90 and , the winding 0 having a ground con- 
nection , and the winding 2 being connected 
by a wire 96 with wire 5{} which leads ïrom the 
main starter switch fo the starting motor so 75 
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that the winding 2 is grounded through the 
starting motor. 
The two coils oï the magnet are connected by 
wires 8 and }0 with a wire 62 which leads fo 
a xed contact_}4 of a magnetic switch or 
relay B having a movable contact 6 which 
engages the xed contact when the relay is en- 
ergized, and is connected by a wire 08 with the 
battery. Whenever the contacts 04 and 
are in engagement, current flows from the 
grounded battery through wire 08, contacts 
and 0, wire 02 and wires 8 and 00 fo the 
magnet windngs and thence fo ground. The 
magnet is thus energized resulting in opeïation 
of ifs armature fo shot the pinion 0 and close 
the .starter switch, both coils of the magnet being 
effective until the starter switch is closed. Just 
as soon as this takes place, the coil 2 is shunted 
out, so that the switch is held closed during the 
cranking of the engine only by the effect of the 
coil 90. This arïangement o the magnet with 
two coiïs, one of which is shunted out as soon 
as the main starter circuit is completed is sub- 
stantially the saine as disclosed in the patent 
fo Dyer No. 2,302,637, November 24, 1942. 
The eperatien of contacts 0 and 06 fo effect 
the energizatien and de-energizatien o the mag- 
net  is effected by a relay B which is contrelled 
by a manually operable switch, a second relay A 
and a fiuid pressure operated switch. The re- 
lay B which operates contact 6 comprises a 
cote } and a winding 2 which, af one end 
is cennected by wire 3 fo a fixed contact  
oï a manually operable switch which includes 
a-second fixed contact 6 connected by a wire 
  3 to the wire 62 which leads to the battery, and 
a movable contact 20, normally held open by 
spring 22, but operable manually fo bridge the 
contacts 4 and . The other end of the 
winding 2 is conneced by wire 2 fo a mov- 
able contact 6, which is normally open, but 
is mevable by a relay, fo be described later, into 
engagement with another flxed contact 
grounded af 3. Whenever the manually op- 
erable switch is closed and contacts 26 and 
are closed, current flows through the winding 
2 and causes the magnet  fo be energized. 
The operation of the contact 26 is so controlled 
that when the engine is hot operating and the 
manual switch is closed, the contact 2 witl 
be immediately moved into engagement with the 
contact 128 and it will remain in engagement 
with the latter as long as the engine is being 
cranked by the starting motor and the manual 
switch is held closed, regardless o the effect oZ 
the fiuid pressure control switch, but if the 
engine is operating under ifs own power, it will 
be impossible fo cause engagement of the con- 
tacts 26 and 28 upon closing of the manual 
switch. 
To this end the contact 2{} is operated by 
relay A comprising cote 32, and winding-, 
which af one end is connected by a wire 
fo the wire   3 which leads fo the manual switch. 
The other end of the winding 3 is connected 
by a wire 38 fo an'angular supporting member 
 which carries a fixed contact 4 and is 
supported on a depending U-shaped bracket 
ïhe supporting member 4 is held infixed po 
sillon on the bracket by the screw 48 and sepa- 
rated from the bracket by b!ocks of insulating 
material I,8. 
The bracket  is secured by brazing, or in any 
other desirable way, fo a flange |80 which pro- 
jects from a cylinder 52. The latter is pïovided, 
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at its upper end, with a peripheral groove in 
which is secured the lower part 1§4 of a dia- 
phragm chamber, the upper part of which is in- 
di.cated at 156. Clamped between the elements 
154 and 156 is a diaphragm [58, and the upper 
part 156 of the diaphragm chamber is bent over 
at the periphery as indicated at 160, to clamp 
between this bent over portion and the portion 
156, the lower part 154 and the diaphragm, so as 
to form a fluid-tight joint. A threaded nipple 
162 is secured as shown at the conter of the part 
156, and a conduit 164 is provided and may be 
connected with the off line of the engine, if off 
pressure is employed, or with the manifold if 
suction is employed fo operate the diaphragm. 15 
This conduit is screwed into such nippl, so as to 
convey off under pressure to the diaphragm, or 
to communicate engine suction thereto. If suc- 
tion is employed, the conduit should be connected 
below the diaphragm. 20 
A rod 166 is connected in anr suitable way fo 
the conter of the diaphragm and ixtends down- 
wardly therefrom through the cylinder 152. At 
its lower end, the rod is reduced in size as indi- 
cated at 168 and surrounding this part of the 25 
rod is a washer 176 and a flanged collar 172 of 
insulating material. Received around the crlin- 
drical part of the collar and between the washer 
I]6 and the flange which projects from the collar 
is a spring 174, supporting a movable contact 176 
which is adapted to engage the flxed contact 142 
when the origine is hot in operation. The re- 
duced part 168 of the rod 166 is riveted over the 
flanged collar, as shown in the drawing, fo hold 
the collar in position. The crlinder 152 is closed 
at ifs lower end except for an orifice in .which the 
rod 166 fits loosel:, and a spring 178 is positioned 
in sa.id crlinder around the rod, between the 
closed lower end of the crlinder and the dia- 
phragm 158, such spring acting to hold the dia- 
phragm in the position with the switch contacts 
142 and 176 in engagement when the origine is 
inoperative. The spring 174 is.connected, as in- 
dicated in the drawing, br a-wire 160 vhich ex- 
tends from the spring to one of the brushes of 
the generator 182 which is grounded as indicatid 
at 164. Therefore, the spring 174 is grounded 
through the generator and the connection 184. 
The generator is connected b: the wire 186 to the 
battery to effect charging thereof and the usual 5O 
cut-out relay 186 is provided in this connection. 
The generator and the connection therefrom to 
the batterF is of conventional construction and 
need hot be further described. 
It will be understood that if the spring 174 is 55 
grounded through th generator, as described, 
the main magnet ma: be rendered inoperative 
b: the generator when the latter reaches a pre- 
determined speed and under certain operating 
conditions, for reasons which will be more fullr 60 
set forth in the description of the operation of 
the device that appears hereinaïter. 
Attention is called to the fact that the spring 
]4 ma: bave a ground connection leading di- 
rectlr from the spring to ground without passing 5 
through the generator. As will be apparent from 
the description of the operation which follows 
later on, if the device is constructed in this .wa:, 
the starting motor wi!l alwa:s continue to oper- 
ate until the manuall: operable push button 220 0 
is released, .whereas if grounded through the gen- 
erator, as fllustrated in the drawing, the starting 
motor, under certain circumstances, ma: be ren- 
dered inoperative b: the generator as soon as the 
engine begins to run under its own power and 

operates rapidly enough to bring the speed of the 
generator up to the point required to cause the 
de-energizatlon of the main magnet. Likewise, 
if the generator ground connection is used as 
5 shown, the generator wfll prevent any possibflity 
of ac.cidental operation oï the starting motor 
during self-operation of the engine, even in the 
event of ïaflure oï the fluid pressure switch. 
For a purpose fo be more fully explained, there 
10 is a second ground connection for the winding 
I-4, when the contacts 126 and 12 are closed. 
To this end a wire 196 is connected fo the wind- 
ing I-4 and is also connected to the switch con- 
tact 126. 
It wfll be understood that instead of connect- 
ing the upper hall of the diaphram with a 
source of off under pressure to effect opening of 
the contacts 142 and 176, when the engine is in 
operation, the upper part of the diaphragrn 
chamber .could be ruade solid except for a vent 
and a suction conduit could be connected to the 
lower part of the diaphragm chamber and the 
intake manifold so as fo communicate the engine 
suction to the lower side of the diaphragm to 
pull the diaphragm down when the engine is 
running. 
From the foregoing description, it wfll be ap- 
parent that the normal position of the parts, 
that is, the position of su, ch parts when the origine 
30 is inoperative is as shown in the drawing, with 
the pressure opirated switch closed. If the 
manuall: operated switch button 22 is thon 
operated fo close the switch operated thereb:, 
current will first flow from the batterr through 
35 such switch, the wire I1, wire 
wire 133, contacts 142, I]6, sprfl]g 1"14 and con- 
nection 186 through the generator to ground. 
This will energize rela: A and effect closing of 
contacts 126 and 128. Closing of these contacts 
4O will immediatelr cause the energization of relar 
B because current flows from the batterr, through 
the manual switch, winding 142 wire 124 and 
contacts 126, 128 to ground. As soon as relay B 
is energized, the main magnet 44 is energized, 
the main starter circuit is closed and the pinion 
45 .} is moved into mesh with the gear -2 as previ- 
ouslr described. The engine will then be cranked 
and ultimatelr will be started. 
During the cranking of the engine, fluid pres- 
sure, either the oil pressure or manifold vacuum, 
whichever is used, ma: be effective fo move the 
diaphragm down against the force of springs 
174 and 178. Under some conditions, the force 
exerted br this fluld pressure is great enough, 
even during the cranking period and bifore the 
origine begins to oPerate under its own power, to 
cause separation of contacts 142 and 176, but with 
the device disclosed, this cannot cause the de- 
energization of the main magnet 44, nor cause the 
startin'g motor to become inoperative, unless the 
operator, himself, opens the manuallr operated 
switch. Operation of the generator-ma: cause 
the de-energization of the main magnet under 
certain circumstances, but never during craEking, 
as the generator speed is insufficient. 
Because of the second ground connection for 
the relay A, comprising wire 196, contacts 126, 
128 and ground connection I0, which is estab- 
lished when relar A is energized, the opening of 
the ground connection for such relar which 
cludes the fluid pressure switch, does hot have 
any de-energizing effect on the rela:. In other 
words, after initial energization of rela: A, to 
cause operation of the starting motor, the rela: 
75 cannot generally be de-energized except by de- 
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liberate action of the operator, in opening the 
manual switch. 
On the other hand, iï the engine is operating 
under ifs own power, neither the relay A nor the 
main magnet wfll be energized, even if the fluid 
pressure ïalls so 1ow that the fluid pressure switch 
is closed, so that the starting motor cannot be 
caused fo become operative. Even iï the fluid 
pressure became so low that the switch operated 
thereby were closed, the generator would be op I0 
erating rapidly enough fo de-energize the wind- 
ing |34 and the closing oï the manually operated 
switch would have no effect. 
Ordinarfly the generator has no effect in caus- 
ing de-energization of the main magnet, but is 
effective in the event oï ïailure of the flutd pres- 
sure switch or 'greaS delay in She operation of such 
switch, fo bring about the de-energization of She 
main magneS when the engine operates under 
own power and ïast enough fo drive the generator 20 
aS more than a predetermined speed. 
Iï aS any Situe when the generator is operating 
aS a speed above the predetermined speed re- 
ïerred fo and the fluid pressure switch is closed, 
currenS wfll flow from the generator through wire 
| S0, the fluid pressure switch and wire 38 So the 
winding |34 through which iS flows in a direction 
oPposite to She current flowing from the battery. 
This nulles the action of the battery current 
on said winding and causes contacts |20 and |2S ô0 
fo separate, which results in the de-energizing of 
the magnet for reasons thaS will b apparent. 
Whenever the fluid pressure switch is open, cur- 
rent from the generator can nos flow fo the wind- 
ing |34, so that the generator has no. de-energiz- 
ing ïunction aS any tme thaS said fluid pressure 
switch is open. Since She fluid pressure switch 
oDened under normal circumstances during en- 
gine cranking and belote the generator is op- 
erated aS sufacient speed fo have any effect, the 0 
main magnet is de-energized, under normal con- 
disions only by opening oï the manual switch. 
However, if there should De any failure of the 
fluid pressure switch due fo a broken diaphragm, 
or for any other reason, or if there is suflicient 
delay in the operation of the fluid pressure switch, 
due to oil viscosity or any other cause, which is 
suflicient to enable the generator to attain the 
necessary speed of operation belote the opening 
of the fluid pressure switch, the action of the 50 
generaor wfll de-energize the main magnet. 
Likewise the enerator will prevent any energi- 
zation of the main magnet during se]f-operation 
of the engine if the manual switch be accidentally 
closed. In the event of failure oî the fiuid pres- 
sure switch, or if the speed of the engine wou]d 
be reduced sufficientiy to enable the ciosing of 
the fluid pressure switch, operation of the man- 
ual switch would nos cause the main magnet to 
be energized because as soon as the fluid pressure 0 
switch c]osed, the generator would de-energize 
winding 3 and closing of the manua] switch 
would nos effect c]osing of contacts $ and 
Normally, when the engine starts, fo operate 
under ifs own power, the fluid pressure separates 
the contacts |4 and | and the operator re- 
leaes the manual switch. The opening of the 
fluid pressure switch breaks one ground connec- 
tion of the relay A and the opening of the manual 
switch breaks the other ground connection of 70 
such relay, comprisin. contacts |@ and 
Under normal conditions, the fluid pressure 
switch remains open as long as the engine is self- 
operative and accidental closing of the manual 
switch will bave no effect. Under abnormal con- 
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disions such as previous]y referred to, the action 
of the generator will effecS opening of the con- 
tacts | and |S when the fluid pressure switch 
ïai]s to remain open, whenever the engine is self- 
operative, sG that accidental operation of the 
manual switch cannot cause the main magnet fo 
operate as long as the engine is self-operative, 
regardless of whaS may happen SG the fluid pres- 
sure switch, or how long a delay there may be in 
the action of the fluid pressure switch. 
As a]ready stated in the foregoing description, 
the fluid pressure switch which is operable by 
the engine may be operated by either off pressure 
or by the engine suction or manifold vacuum. 
The off pressure operated switch has one advan- 
Sage which may be mentioned. Sometimes in 
starting an engine the engine wfll make two or 
three rotations and then stop. Due to the in- 
ertia of the parts, they will remain in motion 
for a brief period of filme and if the pressure 
operated swiSch could close during such period 
of rime, it might result in the starting motor 
being rendered effective because the manua]ly op- 
erated switch wou]d be stiH closed by the opera- 
for. This wou]d result in damage to the starter 
pinion and fiywheel gear so that it is desirable 
to prevent any possible reclosing of the pressure 
operated switch under such conditions. Vhen off 
pressure is employed there is a definite lag in 
the operation of the switch due fo the viscosity 
of the off, particularly in cold .weather. Thi 
delay Wfll cover a period of sewral seconds and 
is suflicient o assure that the engine parts are 
fu]ly stopped belote the reclosing of the switch 
can take place. 
This application is a continuation of appli- 
cation Serial No. 54,475, flled June 
which application has now become abandoned. 
Whfle the ernbodiment of the presnt inven- 
tion as herein disclessd, constitutes a preferred 
form, it is to be understood that other forms 
might be adopted, all coming within th scope of 
the c]airns which foHow. 
Vhat is clairned is as foHows: 
l. Starting aPparatus for infernal comb.ustion 
engines cornprising, in combination, a current 
source, a starfing motor operable by current 
from said source, a main switch for connecting 
the starting motor and current source, a magnet 
for operating said main switch, a contro] circuit 
for controHing the action of said ma2net and 
including a contro] switch operated by fiuid pres- 
sure created by the engine and operable to pre- 
vent energization of said magnet during self 
operation of the engine, said switch being opened 
by said pressure boSh when the enine is self- 
operative and when roated by the starting mo- 
for and the control circuit being so arranged that 
the fiuid pressure switch must be c]osed fo effect 
initial closing of the main switch, a second switch 
in cirouit with the fluid pressure switch and 
effective upon closing fo bring about a closin 
of the main switch if the fluid pressure switch 
also c]osed, a third control switch the closing of 
which is effected upon c]osing of the contro] 
cfl'cuiS and which is effective when c]osed to 
establish a second control circuit for said 
net by-passing said fluid pressure switch so that 
when said fluid pressure switch is opened as the 
engine is rotated by the sarting motor, the mai- 
net wfll nos be deenergized fo rendeï the start- 
in motor inoperative as long as said third switch 
remains closed. 
. Starting apparatus for internal combustion 
engines comprising, in cornbination, a current 
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source, a starting motor opera'ble by current from 
said source, a main switch for connecting the 
starting motor and c.urrent source, a control cir- 
cuit for the main switch including in series a 
manually operable switch and a switch operated 5 
by fluid pressure created by the engine and 
opened by said pressure b0th .when the engine 
is selfoperative and during cranking, said con- 
trol circuit being so arranged that both the man- 
ual and pressure operated switches must be closed 10 
to effect closing of the main switch, means ren- 
dered effective by closing of said control circuit 
to establish a second control circuit bypassing 
the fluid.presure switch, whereby .when the lat- 
ter is opened during engine cranking the main 
switch remains closed, means whereby the open- 
ing of the manual switch when the engine be- 
cornes self operative wfll cause the opening of the 
second control circuit, a generator, and means 
operable by the generator to prevent closing of 20 
the second control circuit during self-operation 
of the engine if the fluid pressure switch fails to 
open. 
3. Engine starting apparatus for infernal com- 
bustion, engines comprising, in combination, a 25 
current source, a starting motor operable by 
cu.rrent from said source, a main magnetic switch 
for connecting the starting motor with the cur- 
rent source, a control cireflt for controlling the 
operation of said magnetic switch which includes 30 
a flrst control switch, operable .by fluid pressure 
created by the engine and opened by'such pres- 
sure .when the engine is self-operative to prevent 
closing of the main switch, or when operated by 
the starting motor, said control circuit also in- 35 
cluding a second control switch in series with 
the fluid pressure switch and so arranged that 
both said switches must be closed to effect the 
initial closing of the main switch, a tl]ird con- 
trol switch which is closed by the closing of said 40 
control circuit and when closed is effective to 
maintain the main switch .closed irrespective of 
the condition of the fluid pressure switch where- 
by .when the fluid pressure switch is opened dur- 
ing operation of the engine by the starting motor, 45 
the main switch will remain closed. 
4. Engine starting apparatus for internal com- 
bustion engines comprising, in combination, a 
crrent source, a starting motor operable by cur- 
rent from said source, a main magnetic switch 50 
for connecting the starting motor with the cur- 
rent source, a control circuit ïor controlling the 
operation of said magnetic switch which includes 
a flrst control switch, operable by fluid pressure 
created by the engine and opened by such pres- 55 
sure when the engine is self-operative to prevent 
closing of the main switch or when operated by 
the starting motor, said control circuit also 
cluding a second control switch in series with 
the fluid pressure switch and so arrange that 60 
both said switches must be closed to effect the 
initial closing of the main switch, a third control 
switch which is closed by the closing of said con- 
trol circuit and when closed is effective to main- 
tain the main switch closed irrespective of the 65 
condition of the fluid pressure switch whereby 
when the fluid pressure switch ls opened during 
operation of the engine by the starting motor, the 
main switch wfll remain closed, a generator and 
means operable by the generator to prevent clos- 70 
ing of the main switch during self-operation of 
the engine if the fluid pressure switch fails to 
open. 
5. Engine starting apparatus for internal com- 
bustion engines comprising, in combination, a 75 

cUrrent source, a startingmotor operable by cur- 
rent from said source, a main magnetic switch 
for connecting the starting motor with the cur- 
rent source, a control circuit for controlling the 
operation of said magnetiE switch which includes 
a normally closed control switch operable by fluid 
pressure created by the engine and opened there- 
by when the engine is self-operative to prevent 
closing of the main switch and also opened when 
the engine is being operated by the starting 
motor, said control circuit being so arranged that 
said fluid pressure switch must be closed to effect 
initial Closing of the main switch, a second nor- 
mally open switch in said control circuit in series 
with said fluid pressureswitch and effective upon 
closing to cause the closing of the main switEh, 
and a third normlly open control switch the clos- 
ing of which is effected, by said second control 
switch and which is effective when closed to 
maintain the main switch closed_ irrespeEtive of 
the condition of the fluid pressure switch, where- 
by when the latter is opened during operation 
of the engine by the starting motor, it does not 
effect opening of the main switch. 
6. Engine starting apparatus for infernal com- 
bustion engines comprising, in combination, a 
current source, a starting motor adapted tobe 
operated by current from said source, a main 
switch for controlling the circuit between the 
current source and starting motor, a control cir- 
cuit for controlling the operation of the main 
switch which includes a control switch operated 
by fluid pressure and so constructed that the 
pressure created by the engine, either when oper- 
ated by the starting motor or when self-operative, 
may be effective to open the switch, a second 
control switch that when closed maintains the 
main switch in closed condition and is Elosed 
at the same time the main switch is closed and 
independently of the operation of the starting 
motor, whereby the main switch is held closed 
during operation of the engine by the starting 
motor regardless of the condition of the pressure 
operated switch, a generator and means whereby 
under certain operating conditions, the generator 
is effective when the engine becomes self-opera- 
tire to effect opning of said second control 
switch. 
7. Starting apparatus for internal combustion 
engines comprising, in combination, a current 
source, a starting motor operable by current from 
said sotrce, a main starter switch adapted to 
close the circuit between said current source and 
the starting motor, a magnetic switch between 
the current source and the main switch operable 
to effect closing of the main switch when if is 
closed, a control circuit for the magnetic switch 
which includes a control switch operable by 
fluid pressure created by the engine and in cir- 
cuit with the winding of said magnetic switch, 
said control switch being normally closed and so 
constructed that it may be opened during self- 
operation of the engine or when said engine is 
being operated by the starting motor, a second 
magnetic switch in circuit .with the winding of 
the flrst magnetic switch and having a winding 
in circuit with the fluid pressure operated switch, 
said second magnetic switch being so constructed 
that when closed it establishes a ground con- 
nection for its own winding and for that of the 
flrst magnetic switch, and means for causing the 
closing of the second magnetic switch when the 
flrst magnetic switch is closed to cause operation 
of the starting motor and for maintaining said 
second magnetic switch closed whfle the engine 
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is belng operated by said starting motor, whereby 
the fluid pressure switch may open without caus- 
ing the starting motor fo become inoperative. 
8. Starting apparatus for internal combustion 
engines comprising, in combination, a current 
source, a starting motor operable by current ïrom 
said source, a main starter switch adapted fo 
close the ch'cuit between said cun-ent source and 
the starting motor, a magnetic switch between 
the current source and the main switch operable 
to effect closing oï the main switch when if is 
closed, a control circuit for the magnetic switch 
which includes a control switch operable by fluid 
pressure created by the engine and in circuit with 
the winding oï said magnetic switch, said con- 
trol switch being normally closed and so con- 
structed that if may be opened during self-oper- 
ation Of the engine or when said. engine is being 
operated by the starting motor, a second magnetic 
switch in circuit with the winding oï the flrst 
magnetic switch and having a winding in ch'- 
cuit with the fluid pressure operated switch, said 
second magnetic switch being so constructed that 
when closed if establishes a ground connection 
ïor if sown winding and for that oï the flrst mag- 
netic switch, means for causing the closing of 

the second magnetic switch when the lïrst mag- 
netic switch is closed fo cause operation of the 
starting motor and ïor maintaining said second 
magnetic switch closed whfle the engine is being 
5 operated by sai( starting motor, whereby the 
fluid pressure switch may open without causing 
the starting motor to become inoperative, a gen- 
erator and a connection from said generator fo 
the winding of the second magnetic switch so 
I0 that under certain operating conditions the gen- 
erat0r is effective fo prevenb closing of said sec- 
ond magnetic switch when the engine is operat, 
ing under ifs own power. 
JULIUS H. BOX,S. 
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